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Introduction
Bioenergy is the most widely used renewable source of energy in the world, providing about 10% of the world primary energy supplies. Biomass energy is derived from plant-based material whereby solar energy has been converted into organic matter. Sources include forestry and agricultural crops and residues; byproducts from food, feed, fiber, and materials processing plants; and post-consumer wastes such as municipal solid waste, wastewater, and landfill gas.
Biomass can be used in a variety of energy-conversion processes to yield power, heat, steam, and transportation fuels (Figure 1 ). Traditional biomass already provides the main source of energy for household heating and cooking in many developing nations. It is also used by food processing industries, the animal feed industry, and the wood products industry, which includes construction and fiber products (paper and derivatives), along with chemical products made by these industries that have diverse applications including detergents, fertilizers, and erosion control products. Here we describe a process by which bioenergy opportunities can be assessed along with a set of resources to assist in this process. The first step in identifying bioenergy opportunities in a given area is to examine feedstock availability -their quantity, location, and costs. An assessment of biomass resources is best followed by an assessment of the potential markets and competition for those feedstocks. This step includes technology evaluation, high-level cost estimates, assessment of socio-economic and environmental impacts, as well as review of existing/proposed policies and import/export opportunities. Once a promising bioenergy opportunity is identified, a detailed feasibility study can be performed to determine its economic viability--or a roadmap is developed to outline steps necessary for implementation of national research, development, and deployment efforts.
Step 1. Assess Biomass Resource Availability
The development and scale-up of any bioenergy project begins with an analysis of the resource potential. Generally speaking, there are three types of biomass resource potential: theoretical, technical, and economic.
• Theoretical: Illustrates the ultimate resource potential based on calculations of all existing biomass, with no constraints on access or cost-effectiveness.
• Technical: Limits the theoretical resource potential by accounting for terrain limitations, land use and environmental considerations, collection inefficiencies, and a number of other technical and social constraints. This type of potential is also called accessible biomass resource potential.
• Economic: Economic parameters are applied to the technical resource potential, which results in a subset of the technical potential along with an estimate of the cost of biomass resources either at the field or forest edge. The final outcome of this type of assessment is a supply curve ($/tonne).
Products that assess biomass resources have different information characteristics and applicability. The assessments vary depending on the purpose and the level of detail required. The purpose of an assessment is to identify resource potential within a given area for a particular end use, for example, power or transportation fuels. The level of detail also varies between biomass resource assessments. High-level, aggregated information--such as assessments at national, regional, and state/province level--are usually required by policy makers, whereas more detailed information at a county/district or site-specific level is required by energy planners and project developers. The purpose of a biomass resource assessment and the required level of detail should dictate the method for assessing resources. The current evaluation methods include geospatial technologies (geographic information systems and remote sensing), field surveys, and modeling (linear, statistical, geospatial, etc.) . These products can be presented in a different format: tabular, graphic (charts or graphs), geographic (maps), or as analytical tools and software products. Table 1 contains links to data to support biomass resource assessments, tools to conduct such work, and examples of relevant studies. The aim of this discussion paper is to explore consequences for land use and environment if biomass production will be expanded for non-food purposes in Austria. We assess the biophysical and economic production potentials of energy crops and explore the trade-offs between bioenergy and food production on arable lands in Austria.
http://www.wifo.ac.at/w wa/downloadControlle r/displayDbDoc.htm?it em=S_2011_BIOMAS SPRODUCTION_4174 8$.PDF
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Step 2. Conduct Market Analysis
Analyzing the existing and potential markets for biomass resources, along with barriers, is critical when planning a bioenergy program. A thorough understanding of the market size, growth, regional segmentation, and trends relies on many different inputs such as:
• State of technology and the country's experience with each technology
• Production cost
• Socio-economic and environmental impacts of biomass production and use
• Policy framework in support of the biomass industry
• Trade opportunities.
Evaluate the State of Technology
A variety of technologies can transform biomass into energy for residential, commercial, and industrial uses. Generally, these technologies fall into four categories, each appropriate for specific biomass types and resulting in specific energy products:
• Thermal Conversion: The use of heat to convert biomass material into other forms of energy. This type of conversion includes direct combustion, pyrolysis (heating biomass in the absence of oxygen to produce a liquid bio-oil), and torrefaction (a process of mild pyrolysis resulting in a solid product with a lower moisture content and a higher energy content compared to those in the initial biomass).
• Thermo-chemical Conversion: The use of heat and chemical processes in the production of energy products from biomass. An example of such process is gasification (heating biomass with about one-third of the oxygen necessary for complete combustion, which produces a mixture of carbon monoxide and hydrogen, known as syngas).
• Biochemical Conversion: The use of enzymes, bacteria, and other microorganisms to break down biomass into liquid fuels, chemicals, heat, and electricity. This conversion type includes anaerobic digestion and fermentation.
• Chemical Conversion: The use of chemical agents to transform biomass into other forms of useable energy. An example is the transesterification process, which causes the feedstock (vegetable oils) to react with alcohol (usually methanol) to produce chemical compounds known as fatty acid methyl esters (FAME). Biodiesel is a common endproduct of transesterification, as are glycerin and soaps.
The biomass conversion technologies are in various stages of development. Some of these technologies are in commercial or pre-commercial production, making them cost-competitive, while others are still in the research and development phase. For example, biofuels production from starches and sugars via fermentation and from vegetable oils through transesterification are well-established technologies, while the production of biofuels and drop-in fuels (fuels that can make use of existing refining and distribution) from lignocellulosic material are still in the demonstrational and pilot stages. Although some of the conversion processes (e.g., gasification of biomass followed by synthesis to liquid fuels) have been known for the past few decades, low petroleum prices have prevented their further development during that time. Increasing oil prices and energy security concerns have renewed the interest in bioenergy in the past few years, thus reviving the R&D in conversion technologies. The advanced technologies being developed have the potential to substantially expand the feedstock base for bioenergy in the future (e.g., lignocellulosic biomass, non-edible vegetable oils, algae) and alleviate some of the environmental and social concerns associated with the industry. Research and technology deployment over the next several years are likely to answer many questions about the economic viability of these technologies. A lot will depend on the rate of recovery of world economies, oil prices, carbon market, and political climate. 
Assess Production Cost
Important considerations for any project are costs and the expected revenues. The cost of energy produced from biomass depends on a wide range of factors including the type and availability of feedstock, end product (power or fuel), conversion technology involved, cost of labor, price of fossil fuels, cost of storage, size of the plant, location of the plant (transportation costs), etc. The existence of relevant national and sub-national incentives can also greatly impact the cost of producing fuels and power from biomass. Given that the cost of feedstock frequently makes up a high percentage of energy costs, volatility of agricultural markets must also be assessed. Table 3 contains links to models and tools to support cost analysis, as well as examples of relevant studies. The present study aims to establish baseline economics for two microalgae pathways by performing a comprehensive analysis using a set of assumptions for what can reasonably be achieved within a five-year timeframe. Specific pathways include autotrophic production via both open pond and closed tubular photobioreactor (PBR) systems. The production scales were set at 10 million gallons per year of raw algal oil, subsequently upgraded to a "green diesel" blend stock via hydrotreating. Rigorous mass balances were performed using Aspen Plus simulation software, and associated costs were evaluated on a unit-level basis. The objective of this study is to analyze and compare the cost of production of various biofuels against the petroleum-based fuels they displace, factoring out the impact of subsidies wherever possible.
Assess Socio-Economic Impacts
Particularly because of its potential impact on food production, rural development, and poverty alleviation, a bioenergy project needs to be evaluated based on the benefits it can provide to the society and the economy involved. Bioenergy initiatives affect the communities in which they are implemented in various ways. Potential impacts may include creation or loss of jobs and greater access to energy, as well as impacts on food, feed, and land prices. Bioenergy has the potential to stimulate agricultural productivity, thus it can lead to improving the livelihood of rural populations. The large-scale use of bioenergy may directly compete with land use, water resources, and labor for food production, which may affect food security if not properly managed. This could have an adverse effect on a country's economy, particularly in the developing parts of the world, thus it is essential to capture, evaluate, and numerate the social and economic impacts associated with bioenergy production. Table 4 contains links to models and tools to support socio-economic impact analysis, as well as examples of relevant studies. programs. This tool also helps users interpret and respond to the environmental, social, and economic impacts of bioenergy production and use. The indicators take a holistic approach to assessing many important aspects of the intersection of bioenergy and sustainability, including greenhouse gas emissions, biological diversity, the price and supply of a national food basket, access to energy, economic development, and energy security. ustainability_Indicators _for_Bioenergy_FINA L.pdf
Examples
Socio-Economic Impacts of Biomass Feedstock Production
This report provides an overview of the most relevant socio-economic impacts of raw material from biomass production for a set of selected case studies. 
Assess Environmental Impacts
The modern production and use of biomass resources, when managed properly, offers many benefits to the environment including offsetting GHG emissions associated with burning fossil fuels, waste utilization, reduced indoor air pollutants, and erosion control, among others. On the other hand, biomass production and use could have some negative environmental impacts, such as deforestation, loss of biodiversity, soil erosion, and reduced water quality. Therefore, it is necessary to conduct an assessment prior to the implementation of bioenergy technologies in order to reveal opportunities for minimizing negative impacts and optimizing positive impacts on the environment. Table 5 contains links to models and tools for environmental impact analysis, as well as examples of relevant studies. The GREET is a freely available life cycle model developed by the U.S. Argonne National Laboratory. It integrates energy and emission impacts of advanced and new transportation fuels, the fuel cycle from well to wheel, and the vehicle cycle through material recovery and vehicle disposal. It allows researchers and analysts to evaluate various vehicle and fuel combinations on a full fuel-cycle/vehicle-cycle basis.
http://greet.es.anl.gov/ SimaPro SimaPro is a widely used tool for life cycle assessment (LCA), allowing the collection, analysis, and monitoring of environmental information for products and services. The software follows the ISO 14040 series and has integrated databases and impact assessment procedures.
http://www.pre.nl/sima pro/
IDB Biofuels Sustainability Scorecard
The Scorecard addresses environmental and social sustainability issues specific to biofuels projects; it is based on the sustainability criteria of the Roundtable on Sustainable Biofuels. The primary objective is to provide a tool for thinking through the complex issues associated with biofuels throughout their entire life cycles. The Scorecard is designed to be a living document, improving and evolving over time as additional issues are incorporated.
http://www.iadb.org/bi ofuelsscorecard/index. cfm?language=English
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Resource Description URL
Sustainability Quick Check for Biofuel
This tool is designed for a rapid assessment of environmental impacts of individual biofuels by combining key factors of individual production chains with life cycle data from reference data sets. It enables producers to check the compatibility of their biofuels productions with sustainability certification criteria. It facilitates access to the international market for producers of biofuels in emerging countries, and therefore contributes to a more sustainable implementation of biofuels production. The FAO's Bioenergy and Food Security Criteria and Indicators (BEFSCI) project has developed a set of criteria, indicators, good practices, and policy options on sustainable bioenergy development that foster rural development and food security. BEFSCI aims to inform the development of national frameworks aimed at preventing the risk of negative impacts-and increasing the opportunities--of bioenergy development on food security and help developing countries monitor and respond to the impacts of bioenergy development on food security. 
Policy Framework in Support of the Biomass Industry
National strategic policies and laws that aim to improve the attractiveness and security of bioenergy investments (such as renewable portfolio standards, carbon cap-and-trade policies, blending mandates, and vehicle fuel standards) help achieve the cost-effective and efficient use of biomass resources. Long-term financial incentives and a well-established policy framework for bioenergy are key for attracting investors. Tax incentives can help overcome the high upfront costs for both producers and distributors. Establishing a low carbon fuel standard can help create a local market for biofuels. A strong, long-term institutional framework is also necessary to ensure the coordination and coherence of policies affecting energy, environment, and agricultural practices. Table 6 contains links to tools and information in support of policy analysis. This report presents current policies, programs, and practices in APEC economies that aim to ensure that biofuels are sustainable. Information was gathered through a survey of those involved with biofuels in APEC economies, follow-up interviews, and an extensive literature review.
http://www.biofuel s.apec.org/pdfs/e wg_2010_sustain able_biofuels.pdf
Trade Opportunities
The growing bioenergy industry provides many opportunities for local, regional, and international trade. These opportunities come from the diverse nature of the industry-from various feedstocks (including forest products, agricultural products, and biodegradable wastes) to several end products such as power, heat, fuels, and chemicals. Assessing trade opportunities is an important part of the market analysis: a reliable supply of biomass and a reliable demand for bio-energy is vital to developing stable market activities. In some areas, biomass production potential either cannot meet or exceed the local demand; therefore, a country's role in the international bioenergy market should be considered when building a bioenergy program. Table 7 contains links to information and data in support of international trade analysis. This report evaluates existing international economic models of the forest sector, the agricultural sector, and/or the energy sector in order to assess their strong and weak points for analyzing international trade of biomass and bioenergy products. The overview is mainly focused on public models used by academia, based on publicly available data sources. These models usually have a time horizon of several decades. Commercial trade models, which typically have a time horizon of a month or a few years, are not considered.
http://www.bioenerg ytrade.org/download s/solbergetal.modeli ngbiomasstrade.pdf
Step
Conduct Feasibility Studies and Roadmap Activities
Once a promising bioenergy opportunity is identified, the next step is to conduct a feasibility study or prepare a roadmap. Feasibility studies are comprehensive analyses that provide in-depth details about a project or technology and determine if, and how, it can succeed. A technology roadmap is an illustrative high-level plan that outlines opportunities, barriers, and action items (including necessary R&D activities and policy framework) to achieve desired outcome. Effective roadmaps are built on existing assets in a country that can be leveraged to drive growth in the region proposed. Feasibility studies are used primarily by industry developers while roadmaps are generally developed by policymakers. 
Biomass Allocation Model
The goal of this research, culminating in this report, is to model and discuss alternative uses of scarce biomass energy resources, assuming that these resources reduce energy sector carbon emissions and can produce non-petroleum-based liquid transportation fuels.
http://www.netl.doe.go v/energy-analyses/ pubs/Biomass%20Allo cation%20Model%20R eport%20R2%20(10-01-08).pdf
Market Allocation Model (MARKAL)
MARKAL is a dynamic bottom-up optimization model that aims at choosing the optimal mixture of technologies and fuels in order to minimize net present value system-wide cost. The biomass feedstocks considered in MARKAL are corn grain, corn stover, agricultural residues, energy crops, forest residues, primary mill residues, urban wood waste, municipal solid waste, soybean oil, and waste oil. Conversion technologies include two pathways: liquid fuels and heat combined with power. Liquid fuels include ethanol (dry mill, wet mill, cellulosic), biodiesel (Fatty Acid Methyl Ester [FAME]), and thermochemical (pyrolysis to bio-oil, gasification to syngas). Heat and power includes power generation (biomass gasification, coal/biomass co-firing, biomass direct combustion, landfill gas combustion, waste-to-energy), industrial heat and power (pulp and paper, other industrial heat/steam), and residential heating (wood stoves, outdoor wood boilers). Step
Benchmarking: Best Practices and Lessons Learned
In the benchmarking phase, gaps and strengths of the project being developed are identified by comparing it with best practices and lessons learned from existing bioenergy programs. When doing a benchmark analysis, it is important to consider similar country conditions in natural resources availability, climate conditions, and market trends. Some countries' bioenergy programs serve as great benchmarks for assessing the effectiveness of a project. Table 9 contains examples of best practices and lessons learned from various bioenergy development programs. 
